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LCD Controller (1) 


Part |: Background and operation 


By Wim Huiskamp huiskamp@fel.tno.nl 


Surplus stores often sell cheap matrix LCD modules, some brand new 
(NOS), others salvaged from broken or old equipment. Most of these 
displays have segment and common drivers on board but lack a controller 
and memory. This is different from the well-known LCD character 
modules with built-in HD44780 controllers and memory. Part 2 of this 
article will show the design and implementation of a low-cost 80C5 | - 
based controller for bare LCDs. First, however, this month’s instalment 
provides some background information on the operation of matrix LCDs. 


LCDs from surplus stores are cheap 
but problematic when it comes to 
actually connecting them. This is in 
sharp contrast (pun intended) with 
the displays usually applied in Elek- 
tor circuits because the latter are 
usually based on the industry stan- 
dard HD44780 controller chip. 
Obviously, matrix LCD controllers 
(e.g., the Seiko SED1335) are avail- 
able that will generate the required 
drive signals and also interface to 
the memory of large, not so standard 
displays that may be picked up at 
bargain prices. The downside of 
these devices, from the perspective 
of the electronics hobbyist, is that 
they are SMDs (surface mount 
devices) and either hard to obtain or 
very expensive as one-offs. 


Next month’s instalment will discuss 
a DIY multi-purpose controller for an 
LCD matrix display with up to 
200 x 200 pixels. 
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Matrix LCD Module 
Operation 


Liquid Crystal Displays or LCDs are 
different from Cathode Ray Tubes 
(CRTs) in that they do not emit light. 
LCDs either block or pass the ambi- 
ent light or light produced by an 
(integrated) active source like LEDs 
or a fluorescent lamp. The liquid 
crystal material is locked in between 
two glass plates that are placed a 
few micrometres apart. The crystals 
change their optical characteristics 
(i.e., modify the polarisation direc- 
tion of the light travelling through 
them) when exposed to an electric 
field. The electric field is provided by 
very thin (i.e., virtually transparent) 
electrodes deposited onto each of 
the two glass plates. Two types of 
LCDs are used: Reflective and Trans- 
missive. The reflective type has a 
polarisation filter in front of the dis- 
play that allows ambient light 
polarised to travel through the glass 
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Figure |. Typical LCD contrast control 
graph. 
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and the LCD material, but in one 
direction only. The polarised light is 
reflected by a mirror at the back of 
the display and passes the LCD 
material once again. Depending on 
the additional change in polarisation 
by the LCD material, the front polar- 
isation filter will now either block 
the light (producing a black image) 
or allow it to pass through (for a grey 
image). The transmissive LCDs 
require a light source on one side of 
the display and this light is either 
blocked or passed depending on the 
polarisation of the LCD material. 

Almost any symbol can be shown 
on LCDs by shaping the outline of 
the electrodes. For example, individ- 
ual segments of a “7-segment’ digit 
or battery full/empty symbols. 


Control 


LCDs with small numbers of seg- 
ments (e.g., four digits of a digital 
clock) may have a separate electrode 
for each segment — these displays 
are driven in the so-called ‘static’ 
mode. This driver method is not suit- 
able for a display with lots of seg- 
ments because the number of con- 
nections to the glass becomes 
impractical. The so-called ‘multiplex’ 
driver mode solves the connection 
problem and reduces the cost of the 
driver hardware. Obviously, graphics 
LCDs are driven in multiplex mode. 
Graphics or matrix LCD displays are 
organised as a two-dimensional grid 
of picture elements (pixels). Each 
pixel can be either ‘on’ or ‘off’. One of 
the glass plates has its electrodes 
arranged in horizontal rows (‘com- 





SED1648 


160 x 200 dots 


DUTY: 1/200 


020114 - 12 


Figure 2. Block diagram of a ‘single panel’ type LCD module (source: Seiko/Epson 


datasheet, modified). 
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mon’ electrodes); the other glass plate has its 
electrodes arranged in vertical columns (‘seg- 
ment’ electrodes). Each crossing point of 
common electrodes and segment electrodes 
forms a display pixel. An electrical field is cre- 
ated across a pixel location by creating a volt- 
age difference between one row and one col- 
umn electrode. The pixel decays within a few 
milliseconds after the field has been removed. 
LCDs therefore need to constantly refresh 
image display data (just like CRTs do) and 
when the display refresh rate is too low, the 
image starts to flicker. 

While the intensity (i.e., perceived bright- 
ness) of the CRT image depends on the cur- 
rent of the electron beam hitting the screen 
phosphor, LCD pixels are turned on rather 
abruptly when the electric field between the 
electrodes of the pixel is above a certain 
threshold (see Figure 1). The voltage 
between the electrodes does have some 
influence on the contrast between pixels that 
are ‘on’ or ‘off’ but intensity variation (i.e., 
level of pixel ‘blackness’) needs to be 
achieved in another way. The most common 
method to create multiple grey levels is by 
changing the ratio between the ‘on’ and ‘off’ 
time of the pixel. 

Colour LCDs are basically created by 
tripling the number of pixels and by adding 
colour filters (Red, Green and Blue) to form 
triplets of colour pixels. Colour and grey level 
displays are not discussed any further in this 
article. 


Columns and Rows 


Matrix LCD driver hardware looks like a two- 
dimensional multiplexer. The LCD image is 
refreshed continuously and updates one com- 
plete row at a time from the ‘top’ to the ‘bot- 
tom’ of the display. The drawing in Figure 2 
shows the general block diagram of a matrix 
driver circuit. One or more ‘segment driver’ 
devices (e.g., SED1648) are responsible for 
driving all column electrodes and one or more 
row- or common drivers control the common 
electrodes. At each moment, only one of the 
horizontal pixel rows (i.e., common elec- 
trodes) is activated by the ‘common drivers’ 
(e.g., SED1651) — all the other rows are dis- 
abled to avoid shadow images of the active 
pixels appearing on these rows. The diagram 
shows two cascaded segment drivers 
(SED1648), each one controlling 80 segments 
and two common drivers with 100 outputs 
each. The controller reads the image data 
continuously from RAM and sends it to the 
segment drivers in the correct order and in 
sync with the currently active output of the 
common driver. In this way, the segment dri- 
ver outputs are multiplexed onto the image 
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rows by sequentially activating the outputs 
of the common drivers. The segment drivers 
cycle through all the display rows at a frame 
rate of 60-70 Hz. 


Segment drivers 


LCD Segment drivers are constructed as a 
shift register. Segment data (DO-D3) is 
shifted-in serially under control of ‘XSCL. 
The shift register allows a reduction of pins 
on the segment driver (4 Data inputs versus 
80). Note that unlike ‘normal’ 1-bit shift reg- 
isters (e.g., a 74164) most LCD segment dri- 
vers use a 4-bit wide shift register (DO-D3). 
Entering four bits in parallel reduces the 
maximum clock frequency required on XSCL. 
The ‘LP’ or ‘Latch Pulse’ signal transfers the 
contents of the shift register to a latch when 
the shift register has been completely filled 
with new data. The latch register is inter- 
nally connected to the LCD output drivers 
providing the necessary voltages (i.e., VO, 
V2, V3 or V5) to the segments on the panel. 
The output drivers also deal with the ‘FR’ (or 
‘M’) signal that prevents harmful DC build 
up over the LCD electrodes (more details on 
this to follow). 

The timing diagram in Figure 3 shows the 
basic controls required for the segment dri- 
vers: pixel data is presented on DO-D3 and 
XSCL clocks in this data. This means that an 
80-bit segment shift register is filled after 20 
XSCL cycles (4 bits x 20). Assuming an LCD 
module with three cascaded segment drivers 
(i.e., 240 pixels horizontally), we would see a 
latch pulse after 60 XSCL cycles (three 
devices x 20 XSCLs). Note that LP is similar 
to Hsync in video signals. 

Typically the first set of DO-D3 shifted into 
the segment drivers appears at the leftmost 
edge of the LCD, the next set appears to the 
right of these, and so on (See Figure 4). 


Common Drivers 


The LCD ‘common’ drivers are similar in 
design to the segment drivers, but use only 
one data input bit. No more than one ‘com- 
mon’ output should be active at any time and 
each output is activated sequentially (first CO, 
then C1, etc.). This is accomplished by shifting 
in a ‘1’ bit followed by a number of ‘0’s. The 
Common input data is in fact a vertical sync 
signal (a.k.a. ‘FLM’ or First Line Marker). One 
complete cycle of common electrode activa- 
tion is known as a ‘frame’, which is a term 
used for regular video signals also. The com- 
mon driver does not need a latch as a result 
of this structured input pattern since there is 
no risk of shadow rows. The shift register is 
internally connected to the LCD common out- 
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Figure 3. Segment driver timing (source: Seiko/Epson datasheet). 
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Figure 4. Mapping of databits onto LCD panel. 
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Figure 5. Common Drivers timing (source: Seiko/Epson datasheet, modified). 
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Figure 6. LCD bias voltages: Vdd >= VO > VI > V2 > V3 > V4 > V5 >= Vee. 


put drivers providing the necessary vers also deal with the ‘FR’ signal. 
voltages (i.e., VO, V1, V4, V5) to the Figure 5 shows the timing diagram 
common electrodes. The output dri- for the ‘common’ control signals. The 
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Table I. 





Shift Register 


Segment Output voltages. 































L - - vo 
H L (pixel off) L 

H L (pixel off) H V3 
H H (pixel on) L vo 
H H (pixel on) H v5 





























Table 2. Common Output voltages. 
/Dsp_off Shift Register FR Output 
L - - vo 
H L (inactive row) L Vi 
H L (inactive row) H V4 
H H (active row) L V5 
H H (active row) H vo 

















shift register input data is presented 
on ‘DIO1’ and YSCL clocks in this 
data. Assuming an LCD module with 
only one common driver for 100 pix- 
els vertically, we would see each of 
the outputs (Q0-099) activated in 
turn. The DIO1 input of the first com- 
mon driver is connected to the FLM 
control signal of the LCD module. 
FLM will carry logic ‘1’ once for 
every 100 YSCL cycles. Note that the 
FLM bit will shift out of the first 
common driver device at ‘DIO2’ after 
100 YSCLs and could be used for 
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cascading drivers. On most display 
modules ‘YSCL and ‘LP’ are actually 
connected together: the next row is 
activated when new segment data is 
latched to the segment driver out- 
puts. The FR signal is usually syn- 
chronised to the falling edge of FLM. 
The ‘duty cycle’ of the LCD is related 
to the number of common outputs: 
200 common outputs result in each 
row being ‘actively’ driven for 
1/200th part of the time, which is 
still relatively low. One improvement 
is to divide the screen into an ‘upper 
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Figure 7. LCD segment and common waveforms (source: Seiko/Epson datasheet). 
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half’ and a ‘lower half’. This mode is called 
‘Dual Panel’. The duty cycle is now doubled 
in comparison to the ‘Single Panel’ mode. 
Most panels of 200+ lines are dual-scan. 
Active Matrix or TFT (Thin Film Transistor) 
displays have an effective duty cycle of 1:1 
since every pixel is driven constantly by a 
small driver circuit. The driver circuit can be 
seen in the corner of each pixel if you exam- 
ine the LCD closely. This added complexity 
explains the higher cost and better image 
quality of a TFT display in comparison to pas- 
sive matrix displays discussed here. 


Burn-in and 


LCD driver voltage levels 

LCDs require regular polarity switching on 
the outputs for common and segments to 
avoid the build up of an average DC voltage 
that would damage the electrodes of the dis- 
play and polarise the liquid crystal material. 
This problem shows up on pixels that are ‘on’ 
for more than a few seconds. Damage to the 
LCD can become permanent, like a CRT 
screen ‘burn in’. The FR signal is needed to 
avoid DC problems and guarantees a 
‘pseudo’ AC signal on the electrodes by 
reversing the voltages used for switching pix- 
els either ‘on’ or ‘off’. Usually FR is toggled at 
every frame. This ensures that the crystals 
change twist direction every other frame and 
the average DC field is zero. The driver volt- 
age levels V0-V5 are known as the LCD ‘bias 
voltages’ (see Figure 6). Note that most LCD 
modules are designed in such a way that 
Vcc=Vdd=V0=5 V. 

Table 1 and Table 2 show the relationship 
between shift register logic levels and driver 
output voltage levels. Note that the ‘/Display 
Off’ control signal results in a ‘V0’ level on all 
outputs of both the Segment and Common 
drivers. This means that all pixels are ‘off’ 
and there is no DC build up because there is 
no voltage difference across the electrodes. 


Example of 
LCD electrode waveforms 


Figure 7 shows the voltage levels on the out- 
puts of the segment- and common drivers for 
a simple image. The waveform diagram rep- 
resents the case of a display with 34 com- 
mons and at least 5 segments of which only 
two common outputs and two segment out- 
puts are shown. The bottom trace represents 
the ‘FR’ signal which is inverted after each 
complete frame of 34 rows. As expected, 
Common 0 through Common 33 are activated 
sequentially, resulting in an output level of V1 
(inactive common) or V5 (active common). 
Voltage levels on the segments are either VO 
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Figure 8. Three examples of typical bias generators used on LCD modules. 
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Vo (active or black pixel) or V2 (inactive 
pixel). Note how the waveform of 
Segment 0 corresponds to the pixels 








_M in the first column of the example 
image (Segment 0 is ‘off’ for Com- 
V2 mon 0, ‘on’ for Common 1 through 


Common 5 and ‘off’ for the remaining 
Common outputs). 
Pixels are only visible if the volt- 











V4 age difference between common and 
segment drivers is sufficiently large. 
Vs Observe the waveforms for the first 


row of the first frame (‘FR’ is ‘0’) : 
Common 0 is active and the voltage 
difference between Segment 0 and 
Common 0 is only V2-V5 (hence the 
top-left pixel is ‘off'), at the same 
time the voltage difference between 
Segment 1 and Common 0 is V0-V5 
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Overview of typical pin names used by LCD manufacturers. 


D0-D3 (Data0-Data3), Display data signals for single panel 
LCD. Alternative names: XDO-XD3 

Some displays use only one data signal input (D or XD). This dis- 
play type has | -bit wide segment shift registers. This solution is 
only practical for low-resolution displays because the XSCL rate 
is quadrupled. 

The so-called ‘dual panel’ displays use UDO-UD3 for “upper half’ 
data and LDO-LD3 for ‘lower half’ data of the screen. Dual panel 
displays have two sets of segment shift registers (one for the 
upper half and one for the lower half of the display). The seg- 
ment drivers share XSCL. All common electrodes are connected 
to both the upper half and the lower half of the display. The 
‘Low-Cost LCD controller’ does not support dual-panel displays. 


XSCL (X shift clock). Alternative names: CL2, CP2, CP, 
Dot Clock, DCLK 

Display data shift register clock. DO-D3 is clocked in on the 
falling edge of XSCL. The XSLC frequency depends on display 
frame update rate and number of pixels per line; typical value is 5 
MHz. 


LP (Latch Pulse). Alternative names: CP I (clock pulse), 
CLI, HS, HSYNC, LOAD 

Display data latch signal. The falling edge of LP transfers pixel 
data from segment shift register to the segment driver latch and 
thus outputs a complete row of pixels on the segment drivers. 
The LP frequency is equal to the line update rate and is given by : 
HSync = (Frame Rate x Number of Lines). LP is usually con- 
nected to the YSCL input of the common shift register. This 
results in clocking the common shift register and thus activating 
the next row, which will then show the newly loaded pixel data. 


FLM (First Line Marker). Alternative names: DI, DIN, YD 
(Y data), S (Scan start-up), VSYNC 

Data input of the common shift register. FLM receives a synchro- 
nising signal at the start of each frame (equivalent to VSync in 
video signals). The FLM frequency is equal to the display frame 
rate, typical values are 60 Hz or higher. 


FR (Frame signal). Alternative names: M, DF, WF 

Frame AC alternate signal. Usually FR is toggled for each frame 
and the frequency is therefore typically half the display frame 
rate (30 Hz or higher). 

Some display modules derive the FR signal internally from the 
FLM and LP These modules obviously do not need an external 
FR. Some datasheets describe this signal as AC drive waveform’ 
or something similar. Do not confuse this with the AC power 
supply for a CCFL backlight! 


/DISP_OFF (Display Off). Alternative names: /DISP, 
/D_OFF, ENA, INH 

Display on/off signal (H=on, L=off). The signal disables the com- 
mon and segment drivers. Used to blank the display (e.g. to save 
power or avoid visible display updates). The disable signal is also 
required to avoid damage to the display by DC voltages when 
the LCD controller is not yet active (e.g. after reset). 


Vdd, Vss (Logic power supply). Alternative names: Vcc, 
Gnd 

Power supply voltage for logic (5 V). Current is low, typically 
below 100 mA (unless Vdd is also used to power the CCFL con- 
verter). 


Vee (Power supply for LCD). Alternative names: Vicd, 
Vssh 

Power supply for LCD drivers. -5V to —25V depending on 
model. LCD datasheets usually specify this voltage relative to 
Vdd as opposed to relative to Gnd! Required current is very low, 
typically only a few mA. Vee should not be applied when Vdd is 
not present. Failing to do so may damage the LCD drivers ! 
Some display modules have onboard DC/DC converters to gen- 
erate Vee from Vdd. Obviously these modules do not need an 
external Vee. There may be an output pin on the module for Vee 
and/or some circuitry to allow external setting of the contrast 
voltage Vadj. 
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Vadj (Contrast Adjust). Alternative names: V0, Vcon 

LCD contrast adjustment voltage. The contrast voltage usually 
has some effect on the optimal viewing angle for the display also. 
Some LCD modules use an adjustable Vee as a means to change 
the contrast. Some displays may also have the contrast preset on 
the PCB. Do not confuse the alternative signal name ‘Vo’ with 
‘V0’ used to identify the highest bias voltage! 


A, C (Anode, Cathode) 

Power supply for LED backlight illumination of display. One or 
more LEDs may be switched in series. Check specifications 
before applying power to avoid damage! 
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approx. 100 mA. Check specifications before applying power to 
avoid damage! For safety reasons the high voltage power supply 
for the CCFL backlight is always provided on a separate connec- 
tor from the control signals. 

Some display modules have onboard DC/AC converters to gen- 
erate CCFL power from Vcc or from a separate supply. These 
DC/AC converter modules might also have additional pins to 
adjust the brightness of the CCFL. 

Backlight is optional on most LCD modules and may not be pre- 
sent. However, displays designed for CCFL (Transmissive type) 
usually need an activated backlight. The image will be very dark 
and almost invisible when the backlight is off. CCFL displays cre- 


ate a deep blue/black background and brilliant white pixels. 


AC, AC (Power supply for CCFL backlight), Alternative 


names: CCFL, HV, HOT & GND 


Power supply for Cold Cathode Fluorescent Lamp (CCFL) back- 
light illumination. CCFLs require approximately 200 VAC at 





which is above the threshold and 
will result in an active pixel. The 
voltage between any Segment out- 
put (either ‘on’ or ‘off') and any of the 
inactive Common driver outputs is 
always below the minimum thresh- 
old needed to switch on a pixel. The 
figure shows that for two sequential 
frames the driver waveforms are 
shaped equally but opposite as a 
result of the toggled ‘FR’ signal. The 
flipped waveform results in the same 
absolute voltage differences 
between the electrodes and thus the 
same visible image on the display, 
while cancelling out the DC compo- 
nent across common and segment 
electrodes. 

Note that LCDs are in general tol- 
erant with respect to control signal 
timing (i.e., frequencies, pulse 
widths or jitter). The control signals 
are basically asynchronous and the 
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FG (Frame Ground) 


externally. 


display should operate fine as long 
as the correct relationship between 
the controls is maintained. 


LCD Bias voltage 
generator 


The driver voltages are generated by 
a ‘bias’ circuit similar to the exam- 
ples shown in Figure 8. Vcc and Vee 
are applied to a resistor voltage 
divider and the resulting voltages 
are buffered by op-amps and buffer 
electrolytics that stabilise V0-V5 
under the dynamic load of the multi- 
plexed image content. The transistor 
and the variable resistor provide 
both temperature compensation of 
the bias voltage and allow contrast 
setting. The bias circuit on the right 
side of Figure 8 shows the basic 
configuration for external contrast 
adjustment. In this case an external 


Ground for metal frame of LCD module; connect FG to GND 


voltage is provided on the 
Vadj pin to set the LCD 
contrast level. 

The bias circuit is normally 
implemented on the LCD 
module using discrete 
(SMD) components (e.g., 
LM324 quad op-amp). Gen- 
erating V0-V5 on the LCD 
module reduces external 
wiring and, more impor- 
tantly, avoids long feeds 
that could pick up noise on 
the sensitive driver voltage 
levels (e.g. from XSCL or 
from 50-Hz AC hum) which 
would be visible on the dis- 
play as modulation in the 
pixel contrast. Note that Vee 
should not be applied when Vdd is not present. 
Failing to do so may damage the LCD drivers 
or cause them to latch-up! 


LCD Module Interface Signals 


To close off this month's instalment, Table 3 
lists the interface signals typically found on 
matrix LCDs. Unfortunately there is neither 
an established nomenclature nor a standard 
pin-out for matrix LCDs. The solution for con- 
trast setting and the related Vee/Vadj inter- 
facing tends to vary across manufacturers 
and even between different modules of the 


same brand. (020114-1) 


Web References 


— www.seiko-instruments.de/ 

— www.optrex.co.jp/us/product/catalog/ 
index.html 

— www.eio.com/public/Icd 
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